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1 . Apparatus tdsr providing optica] radiation having a signal wavelength, which 
£^)aratus comprises at least one pwnp for providing pump radiation, a gain 
medium^ and osergy lindting means, in which the pimp xadi^ 

medium to provide stored energy and gain for optical amplification, characterised 
in ihat the gain has amaximum gain at a wavelragth at which the maximum gain 
occotrs, and the energy limiting means limits the maximum gain and the amount of 
stored energy that is able to be stored to values below those at which- the stored 
BMTgy will cause damage to the apparatus. 

2. Apparatus according to claim 1 in which fbe gain medium is such that the signal 
wavdength and the wavelength at which the maximum gM« occurs axe separated 
by less than lOnm. 

3. Ap]7aratus according to claim 1 in which the gain medium is such that the signal 
wavelength and the wavelength at which the maximum gain occurs are separated 
by ut least IQmn. 

4. Ap])aratus according to azqr one of claims 1 to 3 in which the energy limiting 
metins comprises first and second reflectors characterised by first and second 
reflectivities and an energy limiting wavelength, the first and second reflectoxB 
forming a cavity about the gain medium, and the first and second reflectors being 
sucli that they limit the available gain when the gain medium is punq>ed by the 
pmii^ such that the stored energy is unable to cause damage to the apparatus, 

5. Appamtttsaccoiding to claim 4 in whicd) the first reflectivity 
second reflectivity. 

6. Apparatus according to claim 4 in which llie first reflectivity is the same as fiie 
second reflectivity. 
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7, Aitparatus ^cording to claim 4 in iTviiich the first refleotivity is less than the 
second xefiectivity. 

8. Apparatus according to any one of claims 4 to 7 in which at least one of the first 
and second reflectoTB is designed to reflect at least 0.01% of optical radiation at 
the mergy limiting wavdengtL 

9* Appata(ixsaccordingtoanyoneofdainis4to7in whiditheprodi^ 

and second reflectivities is substantially equal to the reciprocal of twice the small 
sigaal gain at thfe energy Uniting wa^ 

10. Apparatus accordit^g to claim 9 in wMch the gain mediittn is pumped by at least 
1 W of the pump radiation, and the maximum gain is less than 4pdB. 

11. Apparatus according to claim 10 in which the gain medium is punned by at least 
low of the pump radiation, and the maximum gain is less than 30dB. 

12. Apparatus according to claim 11 in which Ihe ^in medium is punqiedby at least 
lOOW of the pump radiation, and maximum gain is less than 2SdB. 

13. Apparatus according to claim 12 in which the gain medium is pumped by at least 
lOOOW of the pmnp radiation, and the maximum gain is less than 20dB. 

14. Apparatus according to any one of daims 1 to 3 in which the gain medium is 
pumped by the pump radiation at a pump power of at least 1 W, and in which the 
energy limiting means comprises an optical source that provides at an energy 
Imutiog waveles^gth an energy limiting power greater tiian -40dB relative to the 
puxip power, which eneigy limiting power acts on the gain medium to reduce the 
amoimt of stored energy and gain when the gain medium is pumped by the pump 
such that the stored energy is unable to cause dama^ to the apparatus. 
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1 5. A|tparatas accordmg to daizn 1 4 in which the gain medium is pimped by at least 
low of lie pump power, and the energy limiting source provides an energy 
limiting power greater than -30dB relative to the pump power, 

16. Apparatus according to claim IS in ^^cbfhe gain medium is pumped by at least 
lOOW of the pump power, and the energy limiting source provides an energy 

1 jndting power greater than •2SdB relative to fhe pump power. 

17. Apparatus according to claim 16 in which the gyin medium is pumped by at least 
1 OOOW of the pump power, and the energy limiting source provides an en^gy 
limiting power greater than -20dB relative to Ihe pimxp pdwer. 

18< Apparatus according to any one of claims 4 to 17 in which the energy limiting 
wavelength is in the same emission band as the signal wavelength. 
' 19. Apparatus according to any one of claims 4 to 17 in which the energy limiting 
wavelength is in a differ^t emission band Srom the signal wavelength. 

20. Apparatus according to claim 18 or claim 19 in which the energy limiting 
wavelength is greater than the signal wavel^:igCh. 

21. Apparatus accoiding to claim 18or claim 19 in which die energy limiting 
wavelengtii is less than the signal wavelength. 

22. Ap|>aratus according to claim 20 or claim 21 in which the cosrgy limiting 
wax'eleng& and the wavelmgth at which ihe maximum gain occurs axe separated 
by less than lOnm. 

23. Ap|>aratus according to claim 20 or claim 21 in which the meigy limiting 
wavelength and the wavelength at which the maximum gain occurs are separated 
by at least IQnnu 

24. Apparatus according to any one of the precediog claims in which the optical 
radiation is covqpled to a scanner. 
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25. Appatatus according to daim 24 and including a controller &r syncfaroDabdng the 
optical radiation with fhe scanner. 

26. Apparatus according to any one of dre preceding claims in which the gain 
medium forms part of an optical fibre. 

27. Apparatus according to daim 26 in which the optical fibre comprises tare-earth 
dopmt 

2S. Apparatus according to daim 27 in which the optical fibre is a dadding pumped 
optical fibre compri$ij]ig a oore^ an inner cladding for guiding puxnp radiation 
supplied by the pump, and an out^ cladding, and in which tire tare earth dopant is 
di^osed in at least one of the core and the inner cladding. 

29. Apparatus according to daim 27 or claim 28 in wfaidi tiieiate-^aitfa dcypant is 
seliKsted fiom the group comprising Ytterbium, Ed>imn, Neodymium^ 
Praseodymium, ThoUvmou Samarium, Holnunm axui Dysprosium, Erbium oodoped 
wifb Ytterbium, or Neodymium codoped with Yttexbium. 

30. Apparatus according to any one of the preceding claims and which is in the form 
of an amplifier, a laser, a master oscillatot power anrplifier, a Q-switaihed laser, a 
source of amplified spontaneous emission, or a continuous wave laser. 

31. Api^aratus according to any one of daims 1 to 30 and which is in the form of a 
laser for material processing. 



